A key issue regarding the reliability of scientific prediction is uncertainty, which also affects its possibility as scientific knowledge. Thus, uncertainty is directly related to the epistemological limits of prediction in science. Within this context, this paper considers the obstacles to scientific predictions that are related to uncertainty. The analysis is made according to the twofold character of the limits of science, which is characterized in terms of the "barriers" and the "confines." In addition, the study takes into account the presence of internal and external factors related to the epistemological limits of science. Following these lines of research, the analysis is focused on two steps. First, there is a characterization of the coordinates of Nicholas Rescher's approach, which is particularly important regarding the epistemological limits to scientific prediction. Second, there is a study of uncertainty as an epistemological obstacle to predictability. Thereafter, the consequences for the future are pointed out.
the "barriers" of the scientific prediction are needed insofar as we need to know when science ends and where a non-science starts 1 . On the other, we need to reflect when the possibility of scientific prediction ends (and, therefore, its reliability), which requires considering the terminal limits that scientific knowledge can reach.
These two dimensions concerning scientific limits to prediction should be considered in epistemological terms. Thus, the "barriers" that shape scientific prediction and separate it from non-scientific prediction can be examined. This is a matter that not only affects the social sciences, but also the natural sciences (as it can be seen in the case of climate change) as well as the sciences of the artificial 2 . In addition, there is the problem of what "confines" of predictions might be (i.e., where the possibility of scientific prediction ends). This issue has repercussions on the scope of reliable scientific prediction. Consequently, it clearly has to do with the obstacles that make predictive activity difficult.
In this regard, Nicholas Rescher has considered the limits of scientific prediction from the two settled viewpoints: "barriers" and "confines". But his attention is above all on the problem of "confines". He does so from some clear coordinates: he proposes an approach where the internal elements have primacy over the external factors of that human activity. Thus, he points out a series of epistemological and ontological factors that act as obstacles to scientific prediction. In that respect, in his judgment, uncertainty, chance and chaos are noticeable (cf. Rescher, 1998: ch. 8, pp. 133-156) . But this also requires awareness of internal and external features, because science is a human activity with an epistemological content as well as an undertaking in a social milieu.
Within this thematic framework, where the twofold character of the limits of science-the barriers and the confines-is emphasized, and the presence of internal and external factors is recognized, this paper seeks to shed light on the obstacles to scientific predictions that are related to uncertainty. In order to develop this task, two steps are followed within this theoretical context: firstly, the attention goes to the general coordinates of Rescher's approach to epistemological limits to scientific prediction; and secondly, the focus moves to uncertainty as an epistemological obstacle to predictability.
Nicholas Rescher's Approach to Epistemological Limits to Scientific Prediction
In a specific book on The Limits of Science 3 , Rescher pays special attention to the epistemological limits. In addition, he is interested in the limits to scientific prediction. His philosophical conception, which he labels as "pragmatic idealism", can be found in the three volumes that he has devoted to a "system of pragmatic idealism" (cf. Rescher 1992; 1993; and 1994) . In fact, he is a pragmatist philosopher, insofar as he highlights the realm of human activity and the primacy of practice. In addition, he is as a Kantian thinker on human knowledge. Thus, he insists that human knowledge is modulated by our mental categories and concepts. Consequently, the role of ideas has primacy in his approach, to the extent that he considers them as crucial for the characterization of reality.
This proposal discusses the issue of limits, both to science, in general, and to scientific prediction, in particular. In his perspective, science is the product of the interaction between the human being and nature, so that it is an activity subject to limits (cf. Rescher, 1990) . On the one hand, Rescher considers the limits to research as a human undertaking: science is developed by the human being with bounded capabilities; and, on the other, he takes into account the limits that are due to the reality of phenomena, which can be complex (cf. Gonzalez, 2010: pp. 253-281; especially, pp. 274-277) .
When the focus of attention moves from the general limits of science to the limits of scientific prediction, then we have two main aspects: 1) limits that are related with agents (i.e., the epistemological obstacles); and 2) limits due to the complexity of the real world (i.e., the ontological limits). Both are relevant when we want to predict the possible future. Even more, it is necessary to highlight that Rescher considers that predicting the future is more difficult than explaining facts that already happened (cf. Rescher, 1998: p. 166) . This is so because prediction is about phenomena that have not yet occurred, and the future has, at least in principle, a number of possibilities.
On the one hand, Rescher considers that prediction and explanation are asymmetric in their logical relations in science (cf. Rescher, 1998: pp. 165-169) . This involves a specific framework for the problem of the limits of scientific prediction. On the other, he suggests a set of differences between prediction and explanation in science. In his judgment, these differences between them can be seen in four successive levels of philosophical analysis: logical, epistemological, methodological, and ontological (cf. Rescher, 1998: pp. 165-166) 4 . 1) From a logical point of view, prediction and explanation are-for Rescher-asymmetrical processes, because in explanatory arguments the conclusion is firmly supported by the premises, whereas the probability of a predictive statement coming true is always lower. 2) Epistemologically, explanation has a causal linkage of knowledge that is much clearer than in the case of prediction, where it is always possible to consider alternatives.
3) Methodologically, prediction and explanation are-for Rescher-also different, since we can explain processes that are really difficult to predict. 4) From an ontological viewpoint, there are a difference between explanation and prediction: the facts of the past are distinct from future developments, since they are still open. These differences have repercussions on the higher difficulty of prediction with respect to explanation. Thus, he insists that the predictive enterprise is a limited one, which is subject to epistemological and ontological obstacles (cf. Rescher, 2009c: ch. 6, pp. 91-122) .
There are ontological limits that affect prediction, above all because prediction deals with not yet occurred phenomena that, consequently, are still open. This is highlighted by Rescher, who considers that "ontological limits exist insofar as the future of the domain at issue is developmentally open-causally undetermined or underdetermined by the existing realities of the present and open to the development of wholly unprecedent patterns owing to the contingencies of choice, chance, and chaos" (Rescher, 1998: p. 134) .
Besides the ontological limits, there are epistemological obstacles to scientific prediction. They affect prediction "insofar as the future is cognitively inaccessible-either because we cannot secure the needed data, or because it is impossible for us to discover the operative laws, or even possibly because the requisite inferences and/or calculations involve complexities that outrun the reach of our capabilities" (Rescher, 1998: p. 134 ). Consequently, Rescher's analysis of the epistemological limits that affect predictability includes a bounded rationality approach (cf. Gonzalez, 2003) .
Commonly, in Rescher's system of philosophy-a pragmatic idealism-the epistemological dimension has primacy over the ontological aspect (cf. Gonzalez, 1999) . Our concepts and mental categories allow us to articulate the reality. Thus, science is our science: it is the product of an activity carried out by human agents with limited capabilities, and in an environment where, usually, the available information is also limited. In this regard, he accepts that "as Kant maintained, the limits of our experience set limits to our science" (Rescher, 1999b: p. 216) .
Following this epistemological approach, Rescher considers that uncertainty is the main obstacle to scientific prediction in the epistemological level. His approach insists in this point: "the circumstances of our existence are such that many of our decisions-and many of the most important ones-have to be made under conditions of unavoidable uncertainty" (Rescher, 2003b: p. 33 ). This especially affects prediction, insofar as prediction is oriented to a possible future, and uncertainty can be a clear obstacle to predictability.
Uncertainty, understood as a characteristic limit to scientific prediction, can be seen according to several degrees: 1) uncertainty can involve unpredictability (that is, the impossibility to obtain a prediction); 2) it is possible that uncertainty entails not-predictability with regard to a concrete issue (the current impossibility to state a prediction) 5 ; and 3) uncertainty can make it difficult to achieve an ideal degree of accuracy and precision. In this case, it might only be possible to obtain a generic prediction, instead of a specific prediction 6 .
Uncertainty as an Obstacle to Predictive Foreknowledge
Regarding how to address the problem of predictive uncertainty, cognitive or epistemic rationality is the starting point. But Rescher does not endorse an approach to rationality based on the idea of maximization, as mainstream economists-for example-does 7 . He considers that human rationality is, in fact, a bounded rationality 8 . In his judgment, rationality is bound to a circumstantial optimization (the best thing that can be done in a concrete situation), instead of being associated with something absolute or maximization (cf. Rescher, 1988; Rescher, 1987: pp. 55-84; especially, pp. 71-79) . This has to do with the human beings environmental conditions or social milieu, which are usually affected by uncertainty.
Uncertainty is one of the aspects that goes hand in hand with bounded rationality. On the one hand, it is not usual that we have all the relevant information; and, on the other, human ability to compute information is also limited (cf. Rescher, 2003a, ch. 11: pp. 187-206) . Hence, in Rescher's approach, rationality and uncertainty are closely related. This has direct repercussions on scientific prediction, insofar as it is the result of a rational activity. Moreover, this rational activity is oriented to a future that, in principle, has a number of possibilities.
Rational Prediction as the Result of a Process
In Rescher's conception, rational prediction is the result of a process. It involves several aspects: 1) prediction is obtained where there is the relevant information about past and present events; 2) the paths reflected in this body of data for prediction are discerned; and 3) the patterns detected in past and present phenomena are stable, to some extent, so they continue into the future (cf. Rescher, 1998: p. 86 ). If we consider these preconditions for rational prediction, it seems clear that uncertainty is, de facto, one of the main limits to predictability.
It should be emphasized that, according to Rescher, "uncertainty produced by sheer ignorance is clearly the most obvious obstacle to prediction" (Rescher, 1998: p. 135 ). Thus, although the phenomenon that we are trying to predict is-or may be-a regular one, the failure is still possible when all the relevant information about its operation is not available. Obtaining the relevant information is a necessary condition to predictability. However, too often it is difficult-or even impossible-for human beings to gain access to the information (at least, to the relevant information).
This aspect leads Rescher to accept that "the limits of one's information set unavoidable limits to one's predictive capacities" (Rescher, 1998: p. 135) . Nevertheless, it is necessary to distinguish between uncertainty and ignorance. Ignorance means the complete lack of information about a concrete issue, whereas uncertainty has to do with the characteristic of indecisiveness. Thus, "with uncertainty we know (or think we know) what the range of possibilities is: it is based on (presumed) knowledge of the possibility range for correct. Accordingly we can generally grapple with uncertainty by means of probabilities-at least in favorable circumstances" (Rescher, 2009a: p. 57 ).
Even when it was possible to deal with uncertainty by means of probabilistic knowledge, this may not be good enough to guarantee a scientific prediction. Firstly, available information can be insufficient, making the predictive task difficult: "possibilities rest on actualities that require information to project possibilities, although unfortunately, misinformation will also come into play" (Rescher, 2009a: p. 58 ). Thus, uncertainty might affect the probabilistic calculus, because the available information might be insufficient or wrong.
Secondly, Rescher insists that prediction cannot be reduced to a probabilistic statement. In his judgment, to make a prediction is something more than assigned probability to phenomena's occurrence. In fact, he thinks that "the probability of a prediction thus affords an index of its acceptability-a measure of the extent to which rational confidence in its realization is warranted in the prevailing circumstances" (Rescher, 1998: p. 44 ). Consequently, claiming the occurrence of something (that is, making a prediction) is different from claiming that something is going to happen with certain probability. From this viewpoint, probability can be relevant to predict the degree of uncertainty of the obtained forecast.
Thirdly, since scientific prediction is the result of an intellectual rational activity, it should be made on the basis of available knowledge and the control of the variables that are relevant with respect to the phenomenon at issue. It also should be based on the appropriate inferences. This will lead to reduce the uncertainty associated with future phenomena, and to the conclusion of reliable and correct predictions. Thus, probability can be a tool that helps to overcome the obstacles related to uncertainty, but probabilistic knowledge-by itself alone-is not enough to obtain a prediction.
At the same time, the difficulty of achieving appropriate knowledge about the studied phenomena has repercussions on the temporal dimension, which affects the scope of prediction. Rescher distinguishes between long-run forecast and short-run forecast, depending on the temporal distance of the predicted phenomenon with respect to the present moment (cf. Rescher, 1998: pp. 76-78) . Thus, to the extent we cannot predict what we cannot conceive (cf. Rescher, 2012) , uncertainty will increase as we try to predict a more distant future (however, this is not a general rule: some phenomena can be easier to predict in the long run than in the short run) (cf. Rescher, 1998: pp. 77-78) .
According to Rescher's viewpoint, predicting is similar to trying to see through the fog: "very little can be seen at a distance-and that little with but little clarity" (Rescher, 1998: p. 76) . Undoubtedly, the problem of complexity can increase uncertainty. Even if it is known that something is possible, this sometimes might be insufficient to make a prediction. The more complex the studied phenomenon, the more problematic it will be, in principle, to obtain a reliable prediction about it.
There is also another aspect that adds difficulty to scientific prediction: uncertainty is related with predictive scatter. When we are dealing with a limited body of information, it is possible that various competing theories arise. This can lead to conflicting predictions. Hence, "the prospect of conflicting predictions has to be accepted as a pervasively recurrent phenomenon" (Rescher, 1998: p. 135) . Conflicting predictions concern both the natural sciences and, to a greater extent, the social sciences.
Uncertainty and the Future Science
When the question at issue is the prediction about the development of future science, uncertainty is also present. In fact, Rescher maintains that future science is unpredictable. He thinks on the Kantian "principle of question proliferation" that intervenes here making the knowledge of future science impossible (at least, in a specific way). According to this principle, each answer given to solve a problem makes new questions arise, which, in turn, needs an answer (cf. Rescher, 1999a: pp. 120-121) . Furthermore, we cannot predict what questions we will ask in the future, because we cannot anticipate what the answers to currently open questions will be. In this case, the available information about past developments does not justify an inference about the future advancements (cf. Rescher, 2012) .
According to Rescher, scientific progress is basically of a conceptual nature. Thus, scientific research advances trough conceptual creativity. Consequently, "the questions we can pose are limited by our conceptual horizons" (Rescher, 1995: p.76) . Following this way, prediction about the future science is only possible at a generic level. This is so because there is a cognitive indetermination here: the more detailed and precise the prediction is, the less confidence we can attribute to it. It is possible, for example, to predict with certainty that scientific means for observation and experimentation will improve in the future, but it is not possible to anticipate what these improvements will be.
This allows us to infer that uncertainty has more weigh in specific predictions than in generic predictions. This is so because there is a relation of balance between informativeness (exactness, detail, precision, etc.) and security, both in scientific knowledge, in general, and in scientific prediction, in particular. Thus, as the degree of detail of the prediction increases, the uncertainty with respect to its reliability also increases. This is an especially relevant question, since the utility of the prediction lies in its informativeness.
Rescher considers that "an ironic but critically important feature of scientific inquiry is that the unforeseeable tends to be of special significance just because of its unpredictability. The more important the innovation, the less predictable it is, because its very unpredictability is a key index of importance" (Rescher, 2009b: p. 15 ). This increases the problem of uncertainty because, generally, those things we do not know are, for that very reason, the most relevant for us.
On this basis, it is not advisable to obtain predictive security by losing informativeness, since the value of prediction lies in its content. Hence, it has to aspire to exactness and precision. However, when it is impossible to obtain a specific prediction due to uncertainty, at least a generic prediction could be possible. In this case, uncertainty does not entail unpredictability, but it acts as an obstacle with respect to the achievable degree of exactness and precision.
Comparatively, according to the type of phenomena that prediction is about, it is possible to claim-in my judgment-that prediction generates fewer difficulties in the natural sciences than in the social sciences. This is due to the higher level of complexity that social phenomena can have (cf. Gonzalez, 2011: pp. 319-330; especially, pp. 319-321) , where uncertainty also has more weight than in natural phenomena 9 . Usually, Rescher's approach is focused on natural sciences (mainly, physics), so he leaves open the question of uncertainty with respect to social sciences (and, undoubtedly, he does not pay especial attention to prediction in the sciences of the artificial) 10 . In principle, social sciences have to do with agents' actions and choices, which make their decisions in changeable social and historical settings. These structural and dynamic factors involve an additional source of complexity for prediction in these sciences. Too often, Rescher is focused on the problem of prediction with regard to the limits of the information, that is, on the internal aspects of science. In the specific case of scientific prediction, uncertainty has to do then with the future environment, so that available information does not allow us to predict or, at least, makes it difficult for those predictions to have the desired degree of exactness and precision.
It happens that in social sciences, in general, and in economics, in particular, there is an additional source of uncertainty. It is decision-making, which is related with the problem of rational decision. In economics, the problem of uncertainty is not only related with the future environment, but also has to be considered with regard to the agents' decision-making, that is usually carried through in circumstances of uncertainty 11 . Consequently, when prediction is about economic agents' decision-making, it is not usually to obtain a "foresight" (that is, the securest kind of prediction), but a mere "forecast," which always involves a margin of error and hence intrinsically involves uncertainty 12 . In this context, it is possible to highlight the relevance of the methodological role of uncertainty, especially in the case of economic prediction (cf. Gonzalez, 2012: p. 91) . When the result of economic forecasts "are known, the corresponding forecast errors and the anticipated forecast uncertainty can be used to evaluated the models from which the forecasts were generated" (Ericsson, 2002: p. 19 ). Thus, uncertainty has a methodological role that has repercussions on the use of the forecast as a test to assess the appropriateness of predictive models.
Coda: Towards an Extension of the Analysis
Considering all things, it is possible to state that, with regard to uncertainty, there are more questions than those contemplated by Rescher. In his approach, which is primarily oriented to the natural sciences, uncertainty is the main epistemological obstacle to predictability. It has to do with lack of knowledge about the regularities of phenomena, which is due to epistemic failures in obtaining or computing the information. But, besides the epistemological dimension, there are-in my judgment-a methodological aspect and an ontological feature, which can be seen clearly when the problem of prediction in economics is analyzed.
Methodologically, the problem arises about whether or not prediction is a necessary condition or test to have science. This is a question that has been argued above all in economics, where the problem of the lack of reliability of economic predictions has special relevance 13 . Uncertainty has influence on this question, so that it is possible to ask if it is good enough to obtain forecasts (predictions that involve uncertainty) instead of a genuine foresight.
This methodological problem related with prediction has ontological roots. De facto, in the social sciences and the sciences of the artificial, "it sits on the complexity of human activity involved in the social environment. This complexity contributes to the frequent lack of reliability of economic predictions, which has its roots in the object of study of this science: economic reality is a social and artificial undertaking (quehacer), which is commonly mutable, as a consequence of its dependence on the human activity that develops historically" (Gonzalez, 2012: p. 92) . From this point of view, it is possible to consider uncertainty as a source of complexity in economic activity, so that it is an obstacle of special relevance to prediction in economics.
However, the epistemological dimension is fundamental, because uncertainty has to do, in principle, with the lack of knowledge about the regularities, which is due to the lack of information. For this reason, it is not usual that uncertainty involves "unpredictability", i.e., the actual impossibility of predicting. On the contrary, it can be possible to predict under conditions of uncertainty (at least, at the level of forecasts or generic predictions).
It must be considered that a phenomenon we cannot currently predict, because of the presence of uncertainty-or an issue that we can only predict generically, or by means of forecasts-can be predictable in the future.
Even more, the exactness and the degree of precision of the obtained predictions can increase. In this case, it is necessary to stress the rational basis of scientific prediction, since it is possible to overcome uncertainty if the knowledge and control of the relevant variables increase.
From an internal perspective about science, Rescher makes very interesting contributions in order to address the limits of science as "barriers" and, above all, as "confines". These reflections have an impact on prediction, both in its possibility as rational activity of scientific character, and about its scope in terms of precision and exactness. But his approach does not encompass the entire problem. As a matter of fact, the external dimension of science has very little presence in his analysis. In addition, his approach is too centered on natural science, so that it does not grasp all the complexity that affects social sciences and sciences of the artificial.
